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(54) Improved active pixel sensor reset circuit for reducing image lag 



(57) An Improved acttva pixsl e&neor soft rsaat cir- 
cuit for reducing Image lag while maintaining low reset 
kTC noise. The circuit pulls down ihe sensor poiemial 
to a sufficiently low level bafore the soft reset function 
Ifi completed. The level to which the sensor potentlel Is 
pulled is set between 0 and the critical potential at which 
1hd rese1tranel£torwlll been when the eat reed function 
begina. The timing of the pull down function is such that 
the sensor Is stabilized at the low potential before the 
Bo1\ reset function completes. In one embodiment, the 



sensor potential Is pjlled down using a pull-down ciroult, 
which may consist of a Ct^OS type inverter. In another 
embodiment^ the gen ear potential Is pulled down by the 
bit Una. Two ways in which the bit line may be pulled 
down are natural dlecharee^ or by increasing the bias 
□n the loading translator. Two ways in which the bias on 
the loading transistor may be Increased are a biasing 
circuit, or by using a pull-down translator. The active pix- 
el sensor may be Implemented with any suitable sensor 
technology, such as photodiode^ photogate, or pinned 
diode. 
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De«crlptlon 

[0QQ1] Th& present Invention relates to metal oxide 
semicondLictor (MOS) image sensors and, more partic- 
ularly^ to rasat circuits for actlvs plxal sanaors (APS) In J 
a CMOS array. 

[QQ02] Integrated circuit teclinology hae revolution- 
ized various fields including computers, control sys- 
1eni£, tetdCommunlcatlonB^ and Imaging. There are a 
number o1 typee of eemicDnductor imagers, including 
charge coupled devices, photodlode arrays, change In- 
jection devices, and hybrid fooal plane arrays. Some 
denaore &r& referred to as active pl)£el image eensors 
(APS). An active pixel image sensor is defined as an 
Image sensor technology that has one or more active 
Irarsistors within the pixel unit cell. Some types of active 
pixel sensor technologies include the amplified MOS im- 
ager (AMI), Charge modulation device (CMD)^ volt 
charge modulated device (VCMD), base stored image 
sensor (BASIS), and the static induction transistor (SIT). 
[0003] One prior art circuit usi ng a CMOS photodlode- 
lype active pixel sensor Is shown In "12dXt2e CMOS 
Photodiode-Type Active Pixel Sensor With On-Chip 
Timing, Control And Signal Chain ElectronloB;' by R.H. 
N ixon at al . , Proceedings of the SPIE-Tha {nternatlonal ^ * 
Society for Optical Engirteering, Volume 2415, 1Ge5» 
pages 1 1 7-1 23. Figure 2 of that reference has been re- 
produoed herein as FIGURE 1 . 
[0004] FIGURE 1 is a schematic diagram of a CMOS 
APS, along with readout cln::ultB. The pixal unil call 25 
consists of a photodiode (PD)^ a aourcB-follower input 
iranslstor SF1, a row-selection tran«l«tor ROW and a 
reset transistor RESET which controls lateral blooming 
Ihrough proper blaelng of Its gate. The drain diffusion £0 
is coupled to the voltage source V^^. At the boltom of &o 
each column of pixels, there Is a column circuit 60 con- 
sisting of a load transistor VLN1 and two output branch- 
es 1o store the neeet and signal levels. Each branch con- 
sists of a sample and hold capacitor (CS or CR) with a 
sampling switch {Sl-iS or SHR] and a second source- 40 
1ollowerSF2 with a column-seleclion switch (COL). The 
reset and signal levels are read out differentially, allow- 
ing correlated double sampling to suppress 1/f noise 
and flKOd pattern noise (not kTO noise) from the pixel. 
A double delta sampling (DDS) circuit shorts the sam- 
pled signals during the readout cycle reducing column 
■fixed pattern noi«e. These readout circuits 60 are com- 
mon to an entire column of pixels. A read-out cincuit 70 
that is common to the entire array includes load transis- 
lors (VLN2) of the aacond eoft of source followers (VLP) 
and the subsequent clamp circuits CLAMP and output 
source followers SF3 and SF4. 
[0005] Timing tor the readout sequence Is as follows. 
After a row has been selected, the signal thai Is present 
on each column pixel in that row is sampled (SHS) onto 5? 
the holding capacitor CS. Next, aach pixel In the row Is 
reset (RESET). This Is followed by sampling the reset 
level (SHR) onto holding capacitor CR. A simplified ex- 



pression forth© output voltage ofihe reset branch ofthe 
column circuit is given by: 

Vcol_R-Wa[Vpj,.V^p„l-Vj^,^} 

where a is the gain of the pixel source-follower, p 
Is the gain of the column «ouroe-followe^ is the volt- 
age on the photodiode after reset, Vtp,^ Is the threshold 
voltageof the pixel source-follower n-channel transistor, 
and Vi^gir Is the threshold voltage of the column source- 
follower p-channel transistor. Similarly, the output volt- 
age of the signal branch of thecolumn circu It Is given by: 

Vool_S = p{cc[Vpd,-V^,J-Vt„,,} 

Where Vpds is the voltage on the photodiode with 
the signal charge present and isthe threshold volt- 
age of the column Gource-foliower p-channol transistor. 
Experimentally, the peakto peak variation in V^^^i^- Vt;,^!^ 
Is typically 10-20 mV. It Is desirable to r&move this 
source of column-to-column fixed pattern noise FPN, 
JPL has previously developed a double d&ttfi sampling 
(DDS) technique to eliminate the column-to-column 
FPN. This approach represents an Improvad version of 
the DDS circuitry. 

[0006] Sequential readout of each column is as fol- 
lows. First a column Is selected. After a settling time 
equivalent to one-half the column selection period, the 
DDS is performedto remove column fixed pattern noise. 
In this operation, a DDS switch and two column selec- 
tion switches on either side are used to short the two 
sample and hold capacitors CS and CR. Prior to the 
DDS Operation the reset and signal colunnn outputs 
(Vcol_R and Vcol_S) contain their respactlve signal val- 
ues plus a source follower voltage threshold compo- 
nent. The DDS switch is activated immediately after 
CLAI^P Is turned off, The result Is a differ&nce voltage 
coupled to the output drivers (VR_OUT and VS_OUT) 
that Is f res of the voltage threshold ccmponent. 
[0007] One problem of this circuit Is that the Imple- 
mentation of tho active pixel cell 25 continues to have 
the problems n&lated lot he design choice between hard 
reset and soft reset Implsmsntatlons. Th& choice be- 
tween these Implementations detemnine how the reset 
signal RST and the voltage on the drain diffusion 50 
(henaafter designated as Vp^j) will be contrc lied. In the 
Implementation Illustrated In FIGURE 1 , a soft reset Im- 
plementation Is shown, in that tha voltage on the 
drain diffusion 50 Is shown to be Vdq. This Ifi a typical 
prior art implementation in which = ^DD = ^^^T. 
One definition of a soft reset system Is where the signal 
(shown as Vq^ on tha drain diffusion 50 In FIGURE 1) 
Is greater than the reset voltage RST^ minus a threshold 
voltage Vp. This soft reset definrtion is Illustrated in the 
equation: 
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eofl reset: Vpgy > RST - V-p 



(1) 



where the th reshold voltage Vf is q variable, depending 
on sansor potantial. Also, tha theoretical equation for 
ihe nolee in a soft reset system is; 



soft reset: Noise = 1 



(2) 



Inard reset: Vp^^ < RST - Vj 



(3) 



hard reset: Noise= 



(4) 



[0010] The hard resst and sott reset equations (1) and 
(3) lilufitrete that there lg a crltlc^ai voitage V^p, which 
marlcs tho boundary bstwe^n a soft reast and a hard 
reset. This criticai voltage le defined by the equation: 



critical voltsge: V^g = RST- V-p 



(5) 



Summary of the Invention 



[QQOa] In Gontnast, one definition of a hard neBet ays- 
lenn Is where the V^^j level is iess than the reset signal 
RST minus the threshold voltage Vj. Thia hard reset 
definition i€ iliustrated in the equation: 



[0009] And the theoretical eqjationforthe noise in the 
hard re^or method is: 



2a 



^0 
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[0011] The advantages of the hard reset method is 
that it Is fast and uniform, but In theory it suffers from 
approximeiteiy twica the reset noise problems (i^TC 
noise) of the GQft reset msthod. In contrast^ the soft resst 
method has less reset noise, but causes image lag, be- 
cause ths reset Is Incomplete due to the reset transistor 
operating in the subthreshold region. 
[0012] The present invention is directed to a method 
and apparatus that overcome the foregoing and other 
disadvantages. More specifically, Ihe pressnt Invention 
i€ directed to a nnethod and apparatus for reducing im- 
age leg through an improved soft reset circuit for an ac- 
tive pixel sensor (APS), 
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[001 3] An improved active pixel sensor soft re^et olr- 
cuitfor reducing image lag Is provided. Tha active pixel 
sensor circuit includes a sensor for outputting a eenaor 
potential, and a reset transistor for resetting the sensor. 
A buffer transistor buffers the output of the seneor, and 
a row select transistor is used for the read-out function. 
Ths row select transistor is coupled between the buffer 



transistor and a bit line. The bit line is also coupled to a 
loading transistor. 

[0014] In accordance With one aspect of the Invention^ 
the sensor potential is pulled down to a sutficiently low 
level during a pull down 1u ndion that may be impiamant- 
ed before and/orduring the soft reset function. If tfieeen- 
sor potential Is pulled down during the soft reaet func- 
tion, the pull down time is made to be less than the soft 
reset time. The low level is set bstween 0 and the critical 
potential at which the reset transistor will be on when 
tha soft reset function starts. The timl ng of the pull down 
function should stabilize the sensor at the low potential 
before the actual solt reset function begins. 
[0015] in accordance with another aspect of the in- 
vention, the sensor potential Is pulled down by a pull- 
down circuit, In one embodiment, the pull-down circuit 
may consist of an NMOS transistor and PMOS transis- 
tor, coupled together as a CMOS Inverter. 
[D01G] in accordance with another aspect of the in- 
vention, the sensor potential may be pulled down by the 
bit line. The bit line in turn, may be pulled down In a 
number of different ways. One way for the bit line to be 
pulled down is through natural discharge. A way to in- 
crease the speed with which the bit line is pulled down 
is to Increase the bias on the ioadi ng translator. 0 ne way 
to increase the bias on the loading transistor Is to use a 
special biasing circuit to increase the bias. Another way 
to Increase the bias on the loading transistor Is tc use a 
pull-up transistor, which may be either an NMOS tran- 
slslor or a PMOS transistor 
[0017] it will be appreciated thatthe disclosed method 
and apparatus for an Improved active pixel sensor soft 
reset circuit is able to obtain the advantages of a hard 
reset} while maintaining the low reset (kTC) noise of a 
soft reset. The image lag problem of othersoft reset im- 
plementation methods Is reduced. Furthermore, the ac- 
tivepixel sensor may ba implemented using any suitable 
technology^ such as phctodiode^ photogate, or pinned 
diode. 

Brief Description of the Drawings 

[0018] The foregoing aspects and many of the attend- 
ant advantages of this Invention will become more read- 
ily appreciated as the same become better understood 
by referanca to the following detailed description, when 
taken in conjunction with the accompanying drawings^ 
wherein: 

FIG JRE 1 Is a schematic diagram of a prior art 
CMOS active pixel sensor an^ay; 
FIGURE 2 is aschamatic diagram of an active pixel 
sensor cell wherein the Vpgy level Is controlled by 
a CMOS inverter circuit; 

FIG JRE 3 is a schematic diagram wherein the Vf^gT 
level is pulled down by the natural discharge of the 
bit line; 

FIG URE 4 is a schematic diagram wherein the V^^^ 
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level l6 pulled down by thi$ bit line which In turn Is 
pulled down by using a biasing cincuit to increase 
the bias an the badlng transistor; 
Fl GU RE 5 la Q schematic diagram wherein the Vpgj 
level Is pullfld down by the bit Una which In turn Is ^ 
pulled down by ueing a p u ll-up transi^torlQ increase 
the bias on the loading transistor; and 
FIGURES 6A-aE are a series of timing diagrams il- 
lustrating tha operation of an active pixel aenscir cir- 
cuit according to the present invention. 

Detailed Desorlption ot the Preferred Embodiment 

[0019] An active pixel sensorcircuitfomned according 
to the present Invention Is Illustrated In FIGURE 2. The tff 
circuit includes a sensor 31 which outputs a sensor po- 
tential SP1 aceondingto a photo rasponsa. Tha sensor 
S1 Is coupled between ground and the reset transistor 
Ml. In the present NMOS embodlmgnt^ the rssat tran- 
sistor M1 is shown as an NMOS transistor, but it will be 
appreciated that tha circuit could also ba Implamantdd 
In PMOS or CMOS^ In which case the type of translators 
used for the transistors such as transistor M1 may be 
different. The gate ot the resettraneistor M1 Is coupled 
to a rasst signal RST^ while the drain of tha rsaet tran- 
sistor M1 Is coupled to a voltage line Vrst. Thus, when 
the NMOS transistor M1 is biased in a conducting state 
by the reset signal RST, a elgnal path exists from the 
voltaga line Vp^to the sensor potential SP1 . As will be 
degcrlbed In more detail below^ In accordance with the so 
pressnt invention, the aanaor potential S PI may there- 
lore be pu lied down by reducing the voltage on the volt- 
agaline Vr^t- 

[0020] An NMOS buffer transistor M2 also has Its 
drai n coupled to the voltage line Vp^gy, whi le the gate of 
the buffer transistor M2 Is coupled to ths sensor poten- 
tial SP1 of tha sensor S1 . in other embodiments, the 
drain of transistor M2 may be coupled to a fixed voltage 
such as rathar than the voltage line Vp^gy, The 
source of the buff sr translator M2 Is coupled to the drain 
of an NMOS row select transistor IV13. The gate of the 
row select transistor M3 racalvss a row select control 
signal RS, while the source of the row select transistor 
M3 Is coupled to the bit line QL1 . An NMCS loading tran- 
sistor M4 Is coupled between the bit line BL1 and the 
ground. The gate of tha ioading translator M4 receives 
a biasing control signal BIAS. 
[0021] The bit line BL1 is also coupled as an input to 
a readout cln:uit 31 0. Readout circuit 3tO receives con- 
trol filg nals HDQ Band HD1 B, and outputs signals 0UT1 JO 
and 0UT2. The readout circuit 310 nnay operate simi- 
larly to tha iBadout circuit 70 of FIGURE 1 , as described 
In more detail below with reference to FIGU RES 6A and 
BR 

[0022] In a first embodiment of the invention » the volt- &5 
age on ths voltags line Vp^ is controlled by a pull-down 
olrou It, which Includes a CMOS Inverter 305. The CMOS 
invarter circuit 305 is compriaed of a PMOS transistor 



IV15and an NMOS transistor M6. Thegaio^ of the PMOS 
transistor Mb and NMOS transistor Me^re coupled to- 
gether^ and receive a pull-down control elgnal PLDN. 
The source of the PMOS transistor MS ig coupled to a 
fixed voltage level V^. Tha Isvsi o1 the fixed voltage 
is preferably set according to the foilDwirig equation: 

Vh>Vdd-Vt (6) 

[P023] The drain of the PMOS transistor M5 and the 
drain of the NMOS tranalator MB are coupled together 
and are also couplad to the voltage line Vp^y. The 
sQurca of the NMOS tranfilstor MB Ifi coupled to a fixed 
voltage level V|^. The level of thefixed voltage V|_ is pref- 
erably cet eocording to the following equation: 

Vl<Vdd-Vt (7) 

[0024] The CMOS Inverter circuit de&cril^ed above ic 
able to adjust the voltage level on tha voltage line Vp^gy, 
aa controlled by the puli-down control elgnal PLDN. In 
one ennbodiment, the set voltage Vh may b& set at Vqj^^, 
while the set voltage Vl I« set at ground. As will be ex- 
plained in nnora detail below with reference to the timing 
diagrams of FIGURE 6, these levels will allow theslgnal 
line Vrs7 to be switched to ground before the soft reset 
function l£ parfcrmed, and back to V^^q after the eeraor 
potential SP1 is pulled to its low level, which Is defined 
by being le«e than the critical voltage Vcr. 
[002s] in anotherembodiment of the invention, theaet 
voltage can be&et atV[3[^whtletheEet voltage l£ 
set at a voltage level Vt. The voltage level V1 can be 
aelactad to be above ground but below thie critical volt- 
aae VoR. In this embodiment, the voltage line VpLsr will 
be switched to the voltage level V 1 before the aoft reset 
function la performed, but then backto Vpp atterthe sen- 
ear potential SP1 Is pulled to Ifi low level {bdlowthe crit- 
ical voltage V^r). 

[0028] Another embodiment of the invention is iilue- 
tratad In FIGURE 3. The circuitry of FIGURE 3 is similflr 
to that of FIGURE 2, with the exception that the NMOS 
transistor MO has been removed. In this embodiment, 
ths sensor potential S PI Is pulled to low (below tha crit- 
ical voltage V^r) by the bit line BL1 before the sott reset 
function is perfomied. The sensor potential SP1 maybe 
pulled down by the bit I ine BLt , in that a sign al path may 
be created from the sensor potential SP1 to the bit line 
BL1 when each of the transistors Mt , IV12^ snd M3 are 
biased in a conducting state. Thus, the reset signal RST 
and the row select RS signals should be on for the pull 
down to be effective. It should be noted thai the voltage 
line VpgT is part of this signal path between the transis- 
tors m and M2. It should also be noted that In this am- 
bodlment no addftlonal circuitry Is required to pull down 
tha voltage on the bit line BL1 , as this embodiment relies 
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on th& natural dlficharge phenomena to pull down the 
voltage on the bit line BL1 . However, while this ennbod- 
Iment has the advantage o1 net requiring additional olr- 
cuitry^ the natural diacharge technique is slower than 
some ot tha other schemea discussad below. ^ 
[0027] FIGURE 4 illustratee another embodiment of 
the Invention. The circuitry o1 FIGURE 4 Is elmllarta that 
of FIGURE 3. with the addition of a biasing circuit 320. 
A& £hown In FIGURE 4, the biasing circuit 320 gener- 
ates the bias signal BIAS for the loading traneielor IVI4. 
The biasing circuit 320 la controlled by a control signal 
BCTL 

[CQ2B] In the embodiment ot FIGURE 4^ the e&neor 
potential SP1 pulled 1o low [below the chticQl voltage 
^cr) by t^l^ ^1-1 before the soft reset function Is 
performed. The bit line BL1 in turn Ic pulled down 
1h rough the openatio n of tha biasing circu it 320 wh ich Is 
controlled by the control elgnal BCTL to increase the bi- 
as signal BIAS on the loading transistor V14. Ttu&^ the 
biasing circuit 320 is used to increase the speed with 
which the bit line BL1 Is pulled down, thus incneasing 
the speed at which the voltage line Vp^, and the cor- 
responding sensor potential SPt is pulled to alow levsl. 
[0029] FIGURE 5 illustrates another ennbodiment of 
1he Invention. Tha circuitry o1 FIGURE 5 Is similar to that se 
01 FIGURES, only With the addition of a pull-up transistor 
M7. As shown i n FIGU RE 5, the pu ll-up transistor M 7 is 
coupled between a sel voltage such as V^q and the bi- 
asing signal BIASforthe loading transislor M4. The gate 
of th& pull-up translator M7 receives the control signal 
PLDN. 

[0Q30] In one embodirment, the pull-up transistor M7 
may be an ISIMOS transistor, while In another ennbodi- 
ment the pull-up transistor M7 may be a PMOS transla- 
lor. When the pull-up transistor M7 is a PMOS transistor, ^ff 
Ihe poierity of the control signal PLDN that Is applied to 
the gats of tha transistor should be reversed. In either 
case^ the sensor potential SP1 Is pulled to low (below 
the critical voltage V^f^) by tha bit line BLl before the 
soft resst function Is performed. The voltage on the bit 
line BL1 is pulled down more quickly by the control sig- 
nal PLDN causing the pull-up transistor M7 to Increase 
the bias signal BIAS on the loading transistor M4. 
[0031] FIGURES 6A-6F show a sarias of timing dia- 
grams illustnatingthe operation of an active pixel sensor 
circuit in accordance with tha present Invention. FIG- 
URE eA shows the reset signal RST, and FIGURE 68 
shows the pull-down control signal PLDN. As illustrated 
in FIGURE SB.atatimeTl the pull-down control signal 
PLDN goes high . At a time T2, the reset signal RST goes 50 
high. The signals are transitioned in this sequence be- 
cause it is considered advantageous to start the pull 
down process that Is controlled by the control signal 
PLDN a little before the transitioning of the rasat signal 
RST This is done to better prepare the sensor S1 for 55 
the reset process. This Increases the stability of the 
process with regard to the sensor potential osolllailons^ 
thus allowing the signal to stebiiize faster, and thereby 



Improving the rescnime, 

[0032] it is further noted that, as Illustrated in FIGURE 
6F, at time T1 when the contrci signal PLDN transitions 
high, the voltage level on the voltage line Vpg-p transi- 
tions downward In a decraasing curve. At time T2 the 
voltage on the voltage line ^^^T ^ 
level , and at time T3 the voltage on the voltage lln& Vpi^ 
is seen to transition rapidly upv^ard with the downward 
tranaltloning of the control signal PLDN. 
[0033] FIGURES 60 and 60 showthe seneor poten- 
tial SP1. FIGURE 6D Is Intended to show a more de- 
tailed section of the top of the signal range, thus provid- 
ing a closer look at the transitions occurring at the top 
of the signal of FIGURE 60. As illustrated in FIGURES 
60 and GD, the upward transitioning of the pull-down 
Qontrol signal PLDN at time 11 causes the sensor po- 
tential SP1 to trend slightly downward. A1 time T2, when 
the reset signal RST transitions upward^ the seneor po- 
tential SP1 la pulled down sharply. At time T3 when the 
pull-down control signal PLDN transitions downward^ 
tha sensor potential Is pulled rapidly upward. As best 
Illustrated In FIGURE 6D, the upward transition of the 
sensor signal 81 follows an Incnsasing curve until lime 
T4, when the resel signal RST transitions downward. At 
this point, the sensor potential SP1 drops by a small 
amount as caused by charge injection, whioh occurs 
due to the capacitive coupling of the reset signal RST 
to the sensor SI. 

[0034] As illustrated in FIGURE 6E, at tima T5, the 
control signal HDOB goes iow^ and remains lew until It 
transitions back upward at time T6. Tha control signal 
HDOB performs a readout function through the opera- 
tion of tha readout circuit 310. As noted earlier, the re- 
adout circuit 310 may openate similarly to the readout 
circuit 70 of FIGURE 1. 

[0O35] Beginning at time T7, ths cycle again repeats 
as per the correlated double sampling process de- 
ecrlhed above with relerenceto FIGURE 1. Accordingly, 
as illustrated in FIGURE 6E, at time Tit the control sig- 
nal IHD1 B transitions low^ and remains low unti I time Tt 2 
when itagain transitions high. This allDWBforthe second 
reading function as part of the correlated double sam- 
pling process. 

[0036] Thus, as Illustrated above, the present Inven- 
tion provides an improved method for clearing the 
chargs In the well of tha sensor SI as part of the reset 
function. By pulling down the sensor potential prior to 
performing the-soft reset function, image lag is reduced. 
As noted above, in the prior art methods for the soft reset 
Implementation^ Image lag resulted because the reset 
was incomplete due to the reset transistor operating In 
ths subthreshold region . The present 1 nvention address- 
es this problem by pulling down the sensor potential be- 
fore the soft reset, eo that a more complete neset can 
be performed. This method produces lower reset (kTC) 
noise than Is normally associated with a hard reset Im- 
plementation. 

[0037] While tha preferred embodiment of the Inven- 
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lion has been Illustrated and described, It will be appre- 
ciated that varioufi changes can bem&idetherein without 
departing from the spirit and ecope of the Invention. For 
exarnple, the sensor S1 described above could be im- 
plemented as a photodlode, a phntogata, or a pinned ^ 
diode. In addition, while the senior circuite described 
above have generally been shown as being constructed 
In NMOS, the same general principals could be equally 
applied 10 PMOS or CMOS circuits. Aleo^ whilothe low 
voltage level has generally been illustrated as being ^0 
placed on the reset voltage line before the reset func- 
tion, It could also be placed on the reset voltage line dur- 
ing the re^et function^ although In such cases the pull 
down time should generally be made to be les^ than the 
reset time. As Illustrated by these examples, one of or- 
dinary ^klll In the art after reading the foregoing specifi- 
cation will be able to effect various changes, siterations, 
and substitutions of equlvaienls without departing fronn 
the broad concepts disclosed. It Is thorefore Intended 
that the scope of the Letters Patent granted hereon be 
limited only by the definitions contained In the appended 
cl0lm« and equlvalenTsthereof^ and not by limitations ol 
the embodiments dsscribsd herein. 



Clfllms 

1. An active pixel sensor circuit, comprising: 

a sensor lor producing a sensor potential; so 
a pul l-down circuit for Implementing a pu II down 
function during which the sensor potential Is 
pulled down baiow a selected critical level; 
a reset voltage llnecoupledlQ the pull-down cir- 
cuit; and 3fl 
a rieset transistor coupled between the resst 
voitaga line and the sensor, wherein during the 
pull down function the reset transistor la con- 
ducting and the pull-down circuit operates to 
pull down thosensor potential below the esiect- 
ed critical level, the pull down function being 
performed prior to the completion of a resst 
function when the sensor potential is reset to a 
selected level. 

45 

2. The actlva pixel sensor circuit of Claim 1 , wherein 
the pull-down circuit places a first low volt&ge level 
on the reset voltage line, and then places a second 
high voltage level on the reset voltage line after the 
eeneorpotentlal has been pulled belowtheselected so 
critical level. 

3. The active pixel sensor circuit of Claim 2, wherein 
the pull-down circuitplaces the first low voltage lev- 
el on the reset line while the reset transistor is con- S5 
ducting, and the pull down function Is made to be 
shorter than the total time that the reset transistor 

is conducting. 



4. The active pixel sensor circuit of Claim 2, wherein 
the first low voltage level is approximately at the 
graund level. 

5. The active pixel sensor circuit of Claim 2, wherein 
the first low voltage level Is above the ground level 
but below the selected critical level. 

B. The active pixel sensor circuit of Claim 1 , wherein 
the pull-down circuit comprisee a PM03 transistor. 

7. The active pixel sensor circuit ot Claim 6, wherein 
the pull-down circuit further comprises en NMOB 
transistor^ the NMOS and PMOS transistors of the 
pull-down circuit being coupled together as a 
CMOS inverter. 

6. The active pixel sensor circuit ot Claim 1 , wherein 
the pull-down circuit comprises a bit line, wherein 
the bit line is coupled to the sensor during the pull 
down function to pull the sensor potential below the 
selecced critical level. 

9. The active pixel sensor circuit of Claim 6, further 
comprising a loading transistor coupled to the bit 
line, and a biasing ciroult coupled to the loading 
transistor for generating the bias on the loading 
transistor; wherein the voltage level on the bit line 
is pulled down during the pull down function by the 
biasing circull Increasing the bias on the loading 
transistor. 

10. The active pixal sensor circuit of Claim 6, further 
comprising s loading transistor coupled to the bit 
line, and an N MOS pull-up transis^tor coupled to the 
loading transistor wherein the voltage level on the 
bit line is pulled down during the pull down function 
by the NI^^OS pull-up transistor increasing the bias 
on the loading transistor. 

11. The active pixel sensor circuit of Claim further 
comprising a loading transistor coupled to the bit 
line, and a PMOS pull-up transistor coupled to the 
loading transistor, wherein the voltage level en the 
bit line Is pulled down during the pull down function 
by the PMOS pull-up transistor Increasing the bias 
on the loading transistor. 

12. The active pixel sensor circuit ot Claim 8, wherein 
the voltage level on the bit line Is pulidd down during 
the pull down function by natural discharge. 

13. The active pixel sensor circuit ot Claim 1, wherein 
the sansor comprisas a photodiode, photogate or 
pinned diode. 

14. The active pixel sensor circuit ot Claim 1, wherein 
the salectad critical level is detanriined according 
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to the potential at which the reset transistor will be 
on when the reset lunction starts. 

15. The active pixel aenaor circuit of Claim 1 , wherein 
the timing o1 tha pull down f u nctlon Is auch that the ^ 
eeneor ieetebilized at a level below the selected crit- 
loal level before the reset function starts. 

1 B. A method for Implementing a eolt reset In an active 
pixel eeneor, the active pixeleensor including a sen- 
sor which produces a sensor potential and a reset 
transl«tor coupled to the sensor, the method com- 
prising: 

(a) determining a selected critical level accord- 
ing to the critical potential at which the reset 
transistor will be on when the soft reset function 
Iseglns; 

(b) pulling down the sensor potential below the 
selected critical level before the soft reset func- 
tlon la perfomnad; and 

(c) Implementing the eoft re«et function to reset 
ths sensor potential to a selected reset level. 

17. The method of Claim 16, wherein during step (b) 2a 
the sensor potential Is eiabllized below the critloal 
level before the soft reset begins at step (c). 

1 B. The method of Claim 16, whanein the sensor poten- 
tial Is pulled down by a pull-down circuit. 

19. The method of Claim 1B» wherein the pull-down cir- 
cuit comprises an NM03 transistor and a PI^OS 
transistor coupled together In the forrr) of a CMOS 
inverter. 5fl 

20. The method of Claim 16, wherein the sensor is cou- 
pled through a pluralltv of transistors to a bit iine^ 
and the bit line Is used to pull down the sensor po- 
tential. 40 

21 . Tha method of Claim 2Q, wherein a loading transis- 
tor is coupled to the bit line, and the vo Itage potential 
on the bit line la pulled down by increasing bias on 

the loading transistor 46 

22. The method of Claim 21, wherein the gate of the 
loading transistor is coupled to a biasing circuit, and 
the biasing circuit is used to increase the bias on 
the loading transistor 

23. The method of Claim 21 » wherein a pull-Lp transis- 
tor Is coupled to the gate of the loading transistor, 
and the pull-up transistor is used to increase the bi- 
as on the loading transistor. &s 

24. An active pixel sensor circuit In which a soft reset 
function is performed, the active pixel sensor cincuit 



comprising: 

a sensor whloh outpiite a sen&or potential; 
a reset transistor coupled to the sensor; 
a bit line coupled through a plurality of transla- 
tors to the sensor, wherein the eensor potential 
la pulled below a selected oritlcai level prior to 
the time when a soft resetf unction is perfomned 
to reeet the sensor potential. 

25. The active pixel sensor circuit of Claim 24^ further 
comprising a reset voltage line coupled to the reset 
tranelstor, a signal path existing between the re^et 
voltage line and the sensor when the reset transis- 
tor Is biased In a conducting state. 

26. The active pixel sensor circuit of Claim 25, further 
comprleing a CIVIOS Inverter circuit coupled through 
the reset voltage line to the reset transistor for pull- 
ing down the sensor potenlial below the selected 
critical level. 

27. The active pixel sensor circuit of Claim 24, wherein 
the bit line Is used to pull the sensor potential below 
the seisctsd critical level. 

28. The active pixel sensor circuit of Claim 27, wherein 
the bit line Is coupledto a loading transistor, the volt- 
age potential on the bit line being pulled down by 
Increaaing the blaa on the loading Iransistor. 

29. The active pixel sensor circuit of Claim 2B^ further 
comprising a biasing circuit coupled to the loading 
tranglstor^ the biasing drcuit being uaedlo increage 
the bias on the loading transistor -so as to pull down 
the voltage level on the bit line. 

30. The active pixel sensor circuit of Claim 28^ further 
comprising a pull-up transistor coupled to the gate 
of the loading transistor, the pull-up transistor In- 
creaeing the bias on the loading transistor so as to 
pull down ths voltage potential on the bit Una. 

31. Tha active pixel sensor circuit of Claim 24, wherein 
the selected crilical level is determined according 
to the potential at which the reset transistor will be 
on when the soft re«et function begins. 
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